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@ Memory address space determination using programmable limit registers with single-ended 
comparators. 

<sh An apparatus for determining cacheabte address and wrte-protect memory address regions in a 
computer system which includes a programmable single-ended limit register and a single comparator 
to determine each such region. A rxoo/arnrnable Omit register associated with each respective memory 
address region defines a boundary limit for each of the respective memory regions. A single address 
comparator associated with each respective limit register determines whether a memory address 
developed by the computer system resides between the respective boundaries provided by the value 
stored in the respective programmable llmt register and a predefined address, Tne use ofa singje fimft 
register and a single address comparator for each memory address region reduces the gate count and 
decreases the Input buffer loading In the logic circuitry. 
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The present Invention relates to microprocessor 
caches in computer systems, and more specifically to 
a method for determining cacheabie address and 
write protect memory address regions in a computer 
system using a preset memory address value and a 5 
programmable single ended limit register to provide 
the respective memory address boundaries for each 
respective memory address region. 

Hie personal computer industry is a vibrant and 
growing field that continues to evolve as new in no- 10 
vations occur. The driving force behind this innovation 
has been the increasing demand for faster and more 
powerful computers. A major bottleneck in personal 
computer speed has historically been the speed with 
which data can be accessed from memory, referred to 15 
as the memory access time. The mkroprocessor, with 
its relatively fast processor cycle times, has generally 
had to wait during memory accesses to account for 
the relatively slow memory access times. Therefore, 
Improvement in memory access times has been one 20 
of the major areas of research In enhancing computer 
performance. 

In order to bridge the gap between fast processor 
cycle times and slow memory access times, cache 
memory was developed. A cache is a smal amount of 25 
very fast, expensive, zero wait state memory that is 
used to store a copy of frequently accessed code and 
data from system memory. The microprocessor can 
operate out of this very fast memory and thereby 
reduce the number of wait states that must be inter- 30 
posed during memory accesses. When the processor 
requests data from rnemory and the data resides in 
the cache, then a cache read hit occurs, and the data 
from the memory access can be returned to the pro- 
cessor from the cache without Incurring wai states. If 35 
the data is not in the cache, then a cache read miss 
occurs, and the memory request is forwarded to the 
system memory. The data is then retrieved from sys- 
tem memory as would normally be done if the cache 
did not exist *> 

The management or control of a cache is gener- 
ally performed by a de vice referred to as a cache con- 
troller. The cache controller Is principally responsible 
for keeping track of the contents of the cache as welt 
as controlling data movement into and out of the 46 
cache. One responsibility of the cache controier is the 
preservation of cache coherency, which refers to the 
requirement that the copy of main memory held in the 
cache be identical to the data held in main memory. 
The cache controller ts also generally responsible for so 
the determination of which main memory addresses 
are capable of residing In the cache, referred to as 
cacheable addresses. 

Microprocessor caches are generaly able to 
cache most of the memory addresses In main mem- 66 
ory. However, some memory addresses are defined 
as norwcacheable, or incapable of residing In the 
cache, because of cache coherency reasons. One 
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example of memory that is generally designated as 
non-cacheable is memory that is dual ported or cap- 
able of being accessed by different ports. Dual ported 
memory is generally defined as being noncacheable 
because of the cache coherency problems that are 
associated with this type of memory. The cache cohe- 
rency problem arises because the cache controller is 
unable to snoop the memory access by a local master 
because the local master accesses the memory loca- 
tion from a different port than would the processor, 
and the cache controller does not have access to this 
port for snooping purposes. An example of dual por- 
ted memory that exists in personal computer system 
is the memory located on a focal area network (LAN) 
card. The LAN card memory is accessible by both the 
microprocessor and the cache controller via one port 
located on one side of the LAN memory and by a focal 
processor on the LAN card via a different port located 
on the other side of the LAN memory. Cache cohe- 
rency probiems arise because the cache controller b 
unable to snoop focal processor accesses to the LAN 
memory. Other examples of noncacheable memory 
are memory that is mapped for Input/output (I/O) 
devices and also bank switched or expanded mem- 
ory. 

The cache controller is generally charged with the 
duty of determining which main memory addresses 
are designated as cacheabie and which main memory 
addresses are designated as non-cacheabie. Con- 
ventionally, this has been done with a fixed address 
decode using programmable array logic (PAL) 
devices. A variation is to place a random access mem- 
ory (RAM) on the address lines, with the data in the 
RAM being the cacheabie status of the address block. 
Another variation is to use a series of pairs of limit 
registers which define the boundaries of cacheabie 
and rion-cacheable address regions. Each palrof limit 
registers stores rnemory address values that define 
the upper and lower boundaries~of the address regfon. 
A comparator is generally associated with each 
stored memory address value to determine if the 
memory address generated by the computer system 
is between the respective upper or lower boundary 
address values defining a memory address region. If 
the generated memory address resides between the 
upper and lower address boundaries defining the 
address region* then the generated memory address 
is deemed cacheabie or non-cacheable depending on 
the function of the respective limit registers, 

Thfe method of cacheabie address extermination 
genereiy includes a large amount of logic circuitry 
because two limit registers for storing of the upper and 
lower address boundaries and a comparator for each 
limit register are required for each cacheabie or non- 
cacheable address region, and there are generally 
several such regions In the memory space of a com- 
puter system. The large amount of logic circuitry 
required for each respective cacheabie address reg- 
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ion limits the number of cacheaWe address regions 
that can be provided In the memory space of the com- 
puter system, thereby limiting the amount of cache- 
able main memory and consequently reducing the 
effectiveness of the cache memory. 

Some background on the memory organization of 
personal computers compatible with those previously 
rnanufactured and sold by International Business 
Machines Corporation (IBM) is deemed appropriate. 
IBM's first personal computer, the IBM PC, Included 
20 address lines and therefore could only address 
one Mbyte of memory space. This one Mbyte memory 
space was located between memory address 00000H 
and memory address FFFFFH and was divided as fol- 
lows. The lower 640 kbytes were designated for user 
memory, which was generally reserved for the operat- 
ing system* a user's programs and associated data. 
The next 128 kbytes of memory was set aside for use 
by the video section of the computer system to store 
the video data that is displayed on the video monitor 
and the video ROM routines that are required for the 
operation of the video monitor. The video ROM 
routines comprise a set of programs that provide 
essential support for the operation of the video sec- 
tion, and these programs act as an interface between 
application software written for the computer system 
and the video hardware, which operates to display 
desired images on the video monitor. 

The next 192 kbytes of memory after the video 
display memory area were originally referred to as the 
option ROM space. This memory area originally had 
no real assignment, but has been used for a variety 
of purposes that have arisen in the evolving history of 
IBM-compatible computers* The last 64 Kbytes in the 
1 Mbyte memory space of the original IBM PC was 
used to hold the computer's buOt in system ROM pro- 
grams. The system ROM holds a key set of programs 
that provide essential support for the operation of the 
computer. Including the POST programs that make 
sure the computer is in good workir^ order at power 
on and the routines referred to as the basic input-out- 
put system or BIOS. The BIOS programs provide 
detaledand intimate control of the various parts of the 
computer, particularly the Input/output (I/O) peripher- 
als, and in general act as an interface between the 
computer's hardware and the software written for the 
computer. 

One of the uses that has been found for the 192 
kbyte option ROM area discussed above has been as 
a growth area for the system ROM routines, which 
orlglrtaly occupied onry the last 64 Kbytes of the one 
Mbyte address space. When new equipment or 
devices are added to the computer which require 
bunt-In software support, the additional system ROM 
programs required for these new devices are gener- 
afly located In the option ROM area. Another use for. 
the option ROM area has been for extra video display 
memory or video RAM that is required by video dis- 



play adapter cards based on new video standards. 
Additionally, many new functions or options have 
been developed which need RAM and ROM space, 
and this RAM and ROM is generally located in this 
s area. 

The IBM PC family has been developed around 
a family of microprocessors manufactured by Intel 
Corporation (Intel), referred to as the 8088 famfly of 
microprocessors. The original members of the IBM 

10 PC famiy were limited to addressing only one Mbyte 
of memory due to the fundamental design of the 8088 
microprocessor on which they were based, which 
included only 20 address lines. Intel later introduced 
the 80286 mkrorjrocessor, which included 24 

15 address lines and could directly address up to 16 
Mbytes of physical memory. The addition of the 80286 
microprocessor to a computer system allows for a 
logical address space of 16 Mbytes. However, the 
original design of the IBM PC and Its DOS operating 

20 system were limited to the use of the original one 
Mbyte of memory, and they were generally unable to 
use the additional address space provided by the 
80286 microprocessor. 

In order to take advantage of the additional mem* 

25 ory space provided by the 80286 microprocessor, 
IBM-compatible computer systems have developed 
what is called extended memory, which is the memory 
address space above the original one Mbyte address 
space located from memory address 100000H on up. 

so The amount of extended memory avalabie in a com- 
puter system generally depends on the amount of 
physical memory resident in the computer system 
greater than the original one Mbyte of meinory discus- 
sed above. This additional memory can generally 

35 reside anywhere to the processor's logical address 
space between mernory address 100000H and mem- 
ory address FFFFFFH, which is the 16 Mbyte limit 
associated with the 80286 microprocessor. In order 
for an application program to 

40 of this special extended mernory, the program used 
some of the services provided by the oornputer*s sys- 
tem ROM programs. One of these system ROM ser- 
vices transferred blocks of data In whatever stze 
needed between the special extended memory and 

45 the conventional one Mbyte memory* 

Another feature that Is generafy included in IBM- 
compatible personal computers is a ROM relocation 
feature. The system ROM and video ROM rnernory 
which reside In the one conventional Mbyte memory 

so address space discussed above are generafy much 
slower than the high-speed RAM which comprises the 
remainder of system memory. Therefore, in order to 
improve system performance during execution of the 
BIOS routines which reside In the system ROM and 

65 video ROM, many computer systems todude a ROM 
relocation feature which aOows the system ROM 
and/or video ROM to be relocated or copied to high- 
speed RAM. In computer systems using the 80286 
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microprocessor, the ROM is generally copied to the 
upper 128 kbyte RAM memory area just below 16 
Mbytes, which is reserved for this purpose. When so 
copied, this 128 kbyte RAM location, referred to as 
shadow RAM, becomes dual mapped or accessible to 5 
two sets of logical addresses: its original RAM mem- 
ory addresses and the ROM memory addresses of the 
ROM memory that has been relocated to this location. 

The shadow RAM can be designated as write pro- 
tected to ensure that the data cannot accidentally 10 
change and effectively remains a ROM. The shadow 
RAM may also be designated as cacheable memory 
to further improve system performance during execu- 
tion of the system ROM routines. If the shadow RAM 
is designated as cacheable memory, it is also gener- 15 
ally designated as wrtte-protected inside the cache 
controller to ensure that ROM memory data which is 
placed in the cache retains its read-only status inside 
the cache. The cache controller therefore generaly 
requires a means to determine whether a memory 20 
address generated by the computer system has been 
designated as write protected. This has generaly 
been accomplished in the same manner as has the 
determination of cacheable address regions in the 
cache. The standard method was a <? d mapping, 2s 
and as an alternative, two registers can ~a associated 
with a write protect memory address region to define 
the respective upper and lower memory address 
boundaries of the wrte protect region. 

The system ROM includes a series of test and 30 
Initializations programs referred to as the Power-On 
Self-Test (POST), which the computer performs at 
power on to ensure that the computer is in good work- 
ing order. When the computer is reset or turned on, 
the rnkroprocessor Is directed 35 
tion in high memory at memory address FFFFFOH to 
retrieve the connect memory location at which to begin 
the POST. Memory address FFFFFOH is interpreted 
by the memory controller during a system reset or 
power on of the computer system to access the ROM 40 
location where a power on reset vector is located. The 
power on reset vector points to trie appropriate mem- 
ory location where the POST program s begin. It is 
generally desirable that the high memory location 
where the power on reset vector is addressed be 45 
designated non-cacheable In order to prevent the 
reset vector from being placed in the cache, tf the 
reset vector were located in the cache when a system 
reset was Initiated, the microprocessor would attempt 
to retrieve the reset vector from the cache and there- so 
fore could receive an incorrect vector, resulting in a 
■crash* of the computer system. 

The present invention includes an apparatus 
which allows a cache controfler to determine cache- 
able address and write protect memory address reg- 55 
ions in a computer system using a single 
programmable limit register and a single comparator 
for each address region. The computer system mem- 



ory space is partitioned into cacheable and write pro- 
tect address regions wrth a programmable limit regis- 
ter storing a memory address defining one boundary 
for each of the respective memory regions. A single 
address comparator associated with each respective 
limit register determines whether a memory address 
generated by the computer system resides between 
the boundary provided by the limit register and 
another predefined memory address boundary that 
may either be a natural boundary such as the lowest 
and highest memory address available in the com- 
puter system, memory address 00OOOH and memory 
address FFFFFH, respectively, or a memory address 
boundary formed by an Inhibit signal provided to the 
comparator circuitry. Each of the address com- 
parators associated with the respective limit registers 
generates a signal which Is provided to signal gener- 
ation circuitry inside the cache controOer which gen- 
erates a cacheable address signal, a non-cacheable 
address signal and a write protect signal that are pro- 
vided to the cache controller. The use of a single limit 
register and a single address comparator for each 
respective memory address region reduces the gate 
count In the logic circuitry and decreases the input 
buffer loading in the logic circuitry. In addition, the pro- 
grammabflfty of the limit registers introduces flexfbBity 
In the designation of cacheable address and write pro- 
tect memory regions in the cache controfler. 

The preferred embodiment of the present inven- 
tion includes five limit registers defining four cache- 
able address regions and two write protect memory 
regions. The comparator circuitry associated with 
three of the limit registers according to the present 
invention use the lowest and highest memory address 
avaiabte in the computer system, memory address 
00OOOH and memory address H-f-H-H, respectively, 
as boundaries for a respective axWress region. These 
low or high address are used In conjunction with the 
boundary provided by the respective thrift register to 
define the memory region. The associated com- 
parator circuitry for these limit registers determines 
whether the address generated by the computer sys- 
tem is below or above, respectively, the memory 
address stored in the respective Hmit register. The 
comparator circuitry associated with the remaining 
two limit registers use an Inhibit signal that is asserted 
when the memory address generated by the com- 
puter system is above or below one Mbyte, respect- 
ively, and therefore one Mbyte serves as the 
predefined boundary in the comparator circuitry 
associated with these two fimt registers. The com- 
parator circuitry associated wfth these two limit regis- 
ters determines if the address generated by the 
computer system is below or above, respectively , the 
memory address stored In the respective limit regis- 
ter, and the InhlWt signal serves as the other respec- 
tive boundary by inhibiting comparator operation If 
active. 
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The present invention indudes a control signal 
which enables the comparator output signals in the 
signal generation circuitry to define cacheabie 
address and write protect regions in the memory 
space according to the present invention. When this 5 
control signal is cleared, the comparator output sig- 
nals provided to the signal generation circuitry are 
ignored, and the entire memory address space is con- 
sidered cacheabie, and, in addition, there are no write 
protected memory regions defined in the cache con- w 
trofler. An Input to the signal generation circuitry in the 
cache controller is provided to allow external logic to 
define non~cacheable and write protect address reg- 
ions In the memory space. When the control signal is 
set, the entire memory address map is considered 15 
non-cacheabte, and the comparator output signals 
are enabled In the signal generation circuitry to define 
cacheabie address and urite protect memory regions 
in the memory space according to the memory 
address boundaries stored in the associated limit 20 
registers. 

When the control signal is set the cacheabie 
address and write protect memory spaces defined by 
the programmable limit registers are deemed to be 
continuous from the predefined memory address 25 
boundary to the other boundary provided by the 
address value stored in the limit register, and theref- 
ore excluded regions within the address limits are not 
permftfed. However, the above-mentioned Input func- 
tions to aflow external logic to override any internally so 
programmed limit register and punch non-cacheable 
or write protect regions into the memory address 
space where required. The input Is used according to 
the preferred embodiment of the present invention to 
make noivcacheaWe the region located in high mem- 35 
ory where the power on reset vector is addressed dur- 
ing a system reset or at power on of the computer 
system. This memory region is made non-cacheable 
to prevent any corruption of the reset vector that 
would occur the reset vector were located in the 40 
cache during a system reset 

A better understanding of the invention can be 
obtained when the following detailed description of 
the preferred embodiment is considered in conjunc- 
tion wfth the following drawings, in which: 45 
Figure 1 is a block diagram of a computer system 
including limit registers and associated logic cir- 
cuitry according to the present Invention; 
Figure 2 is a diagram of the memory address 
space of the computer system of Figure 1; so 
Figures 3 - 7 are schematic logic diagrams of the 
programmable limit registers and associated 
comparator drcuttry according to the present 
invention; and 

Figures 8 and 9 are schematic logic diagrams of 55 
signal generation circuitry according to the pre- 
sent Invention. 

Referring now to Figure 1, a personal computer 



system C incorporating the present invention is gen- 
erally shown. Many of the details of a computer sys- 
tem that are not relevant to the present invention have 
been omitted for the purpose of clarity. In the descrip- 
tion that fdlows, a signal name followed by an asterisk 
indicates that the signal is asserted when It has a low 
log ic level. The computer system C includes a system 
bus 20 that is preferably based on the Industry Stan- 
dard Architecture (ISA), a bus architecture introduced 
in the International Business Machines (IBM) PC/AT 
personal computer. A controBer chip 22 comprising a 
bus controller and a memory controller is connected 
to the system bus 20. Random access memory 23, 
which is preferably 16-bit high speed RAM, is connec- 
ted to the controller chip 22. The controller chip 22 is 
connected to a microprocessor 24 through a local pro- 
cessor bus 26, which indudes address, data, and 
control portions. The niksoprocessor 24 te preferably 
an Intel 80386SX microprocessor, which indudes 24 
address lines and is capable of directly accessing 16 
Mbytes of memory. However, the use of other proces- 
sors wRh different capabilities for accessing memory 
is aiso contemplated The processor address portion 
of the local bus 26 preferably includes 24 address 
lines referred to as PADR<23..0>, and the processor 
data portion of the local bus 26 preferably indudes 16 
data lines referred to as PDB<15\.0>. A cache mem- 
ory chip 28, which preferably indudes cache memory 
30 and a cache controller 32 according to the present 
invention, is coupled to the processor bus 26. The 
cache contro0er32 indudes programmable limit regi- 
sters and their associated comparator logic circuitry 
as well as signal generation circuitry which generates 
a cacheabie address signal, a non-cacheable 
address signal, and a write protect signal which are 
provided to the cache controler according to the pre- 
sent invention. The signal generation circuitry in the 
cache controller 32 according to the present invention 
Includes an input referred to as NRP, which receives 
a signal generated by external logic 34 according to 
the present invention. A numeric coprocessor 25 may 
optionally be connected to the local bus 26. 

Any computer system memory not physically 
located in the random access memory 23 is preferably 
located on the system bus 20. A video display adapter 
40, which inchides video r^aml video ROM menn 
ory addressable by the processor 24. is coupled to the 
system bus 20. System ROM 42, which preferably 
indudes the system ROM routines. Is also coupled to 
the system bus 20. A floppy olsk unit 44 and a 
keyboard 46 may also be attached to the system bus 
20. The contents of the video ROM and system ROM 
42 are preferably copied Into the upper 128 kbyte logi- 
cal addYessMockcf to 

immediately after power on of the computer system C, 
as is described further below. 

Referring now to Fig. 2, a memory map showing 
the memory organization of the oomputersystemCIs 
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generally shown. The memory organization of the 
computer system C is preferably compatible with the 
memory organization of personal computers prevh 
ousty manufactured and sold by IBM. However, the 
incorporation of the present invention into computer s 
systems with other memory organizations is also con- 
templated The 640 kbyte memory space from mem- 
ory address 0O00OOH to memory address 09FFFFH 
is reserved for the operating system and user mem- 
ory. The next 1 28 kbyte block of rnernory from merrv 10 
ory address OA0OOOH to memory address OBFFFFH 
is reserved for the video RAM. The next 128 kbyte 
block of memory from memory address 0C0000H to 
memory address ODFFFFH Is reserved for the option 
ROM and RAM associated with the various I/O 15 
peripherals included In the computer system C. The 
next 128 kbyte memory region from memory address 
0E0000H to memory address OFFFFFH Is reserved 
for the system ROM 42 and the video ROM of the 
computer system C. The system ROM 42 and the 20 
video ROM each preferably comprise 64 kbytes of this 
128 kbyte memory space according to the preferred 
embodiment 

The computer system C preferably includes two 
Mbytes of random access memory. 640 kbytes are 25 
located in the user memory area between memory 
address OOO00OH and memory address 0A0000H. as 
noted above. 384 kbytes are preferably mapped to the 
logical address space In high memory between mem- 
ory address FA0000H and memory address 30 
FFFFFFR The upper 128 kbyte space between mem- 
ory address FE0000H and memory address 
FFFFFFH Is preferably used to relocate the 64 kbyte 
system ROM 42 and the 64 kbyte video ROM from the 
slower 16 bit ROM memory Into the higher speed 16 35 
bfc RAM. However, the use of a different RAM rrtemory 
region to relocate the system ROM 42 andfor video 
ROM Is also conternplatedL The remaining 256 kbytes 
of the Wgh mapped 384 kbytes are preferably mapped 
to the logical address space between rnernory 40 
address FA0000H and rnernory address FE0000H 
according to the preferred embodiment and this 
memory is designated as bult-fn user memory. The 
memory address space beginning with memory 
ao^rsss10000t)HlsrefefTe<ito 45 
ory address space, and the amount of extetided mem- 
ory rxeserrt in trie computer system 
amount of physical memory installed to the computer 
system C greater than the one Mbyte of memory dis- 
cussed above. In one embodiment of the present so 
invention, the remaining one Mbyte is preferably map- 
ped to the memory address space between memory 
address 100000H and memory address 1FFFFFH 
according to the preferred embodiment as extended 
memory. « 

The present invention Includes five prograrnm- 
able limit registers that are each used to store a mem- 
ory address value which serves as a boundary that, 



in conjunction with a respective predefined memory 
address value, defines a cacheabie address or write 
protect memory address region in the rnernory 
address space. A base memory address register 
referred to as the BMA register defines the amount of 
user memory designated as cacheabie available in 
the computer system C in the conventional one Mbyte 
address space. The BMA register works in conjunc- 
tion with predefined memory address 0O0OO0H, which 
serves as the lower boundary defining the cacheabie 
address region. In the preferred embodiment the 
BMA register is programmed with rnernory address 
value QA0OOOH f signifying that the entire user mem- 
ory address space from address 000000H to 
09FFFFH is defined as being cacheabie. Comparator 
drouftry associated with the BMA register compares 
true or a logic low value for addresses generated by 
the computer system C that are less than the rnernory 
address stored in the BMA limit register and In the first 
one Mbyte of the address space. 

A ROM memory address register referred to as 
the RMA register is used to define the amount of 
cacheabie memory in the memory address region 
where the system ROM 42 and video ROM reside, 
and also to write protect this memory region. The 
RMA register works in conjunction with predefined 
rnernory address 100000H or one Mbyte, which ser- 
ves as the upper boundary defining the cacheabie 
address region. The RMA register is programmed 
with memory address 0E0OOOH according to the pre- 
ferred embodiment which signifies that the 128 kbyte 
memory address space between memory address 
0E0OOOH and memory address OFFFFFH. which is 
the entire system and video ROM memory area, is 
designated as a cacheabie address airiwrteputect 
reg ion. Comparator drcuKry associated with the RMA 
register compares true or a logic high value for 
addresses generated by the computer system C that 
are less than memory address i 00000 H and greater 
than or equal to the memory address value stored In 
the RMA limfc register. 

An extended memory address register referred to 
as the EMA register is used to define the amount of 
contiguous cacheabie extended rnernory In the exten- 
ded memory 8ddress space p/eatOT 
memory address 100000H. The EMA register works 
In conjunction with predefined memory address 
100000H which serves as the lower rxHino^defin- 
ing the cacheabie address region, to define a cache- 
abie memory address region greater t than or equal to 
the predefined boundary address 100000H and less 
than the programmed memory address value stored 
In the register. The EMA register Is programmed with 
memory address 200000H accordir^totrie r^referred 
enibodlment which signifies that one Mbyte Of exten- 
ded memory between memory address 10O000H and 
memory address 1FFFFFH is designated as cache- 
able rnernory. Comparator circuitry associated with 
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the EMA register compares true for addresses gener- 
ated by the computer system C that are greater than 
or equal to memory address 100000H and less than 
the memory address value stored in the EMA limit 
regis tar. s 

A ROM COPY address register referred to as the 
RCA register is used to define a cacheable memory 
address region between predefined memory adotess 
FFFFFFH and the programmed memory address 
value stored in the RCA register. The RCA register 10 
enables the copy of system ROM 42 and video ROM 
that is relocated to the upper 128 kbyte block in high 
speed RAM 23 to be designated as cacheable. In 
addition, a write protect address rag faster referred to as 
the WPA register slows this ROM COPY address reg- is 
ion to be designated as write protected or effectively 
read only memory in the cache controller. The WPA 
register Is used to define a write protect memory 
address region between predefined memory address 
FFFFFFH, the highest address available to the micro- 20 
processor of the preferred embodiment which serves 
as the upper boundary defining the cacheable 
address region, and the programmed memory 
address value stored in the WPA register. The WPA 
register is programmed with memory address 25 
FE00OOH in the preferred embodiment, which sig- 
ntfies that the upper 128 kbyte memory block between 
memory address FE0O00H and memory address 
FFFFFFH is designated as write protected inside the 
cache 30. The RCA register is programmed with 30 
memory address FA0000H in the preferred embodi- 
ment, which signifies that the upper 384 kbyte mem- 
ory block between memory address FA00OOH and 
memory address FFFFFFH is designated as cache- 
able inside the cache 30. However, different values 35 
may be used in the two registers. Comparator circuitry 
associated with each of the RCA and WPA registers 
compares true for addresses generated by the com- 
puter system C that are greater than or equal to the 
memory address value stored in the respective Umft 40 
register. 

Referring now to Figures 3 through 7, each of the 
respective Omit registers and their associated com- 
parator circuitry is generally shown. Each of the limit 
registers is programmed with a certain value com- 45 
prised of a number of upper address bits representing 
a desired memory address value that serves as the 
memory address boundary in therespecfttolMtregi- 
ster. Trie least significant address bit that can be pro- 
grarnmed into each of the limit registers cs so 
PADR<13>. and because of this the address granul- 
arity of each of the limit registers Is set at8 kbyte Incre- 
ments, However, the use cf larger r^ 
a smaller address granularity is also contemplated. 

Referring now to Rg . 3, the BMA register 1 02 and 55 
associ ate d comparator logic circuitry are generaly 
shown. The BMA register 102 is an 8 bit register 
whose D6 through DO inputs are connected to the 



data bus lines PDB<6..0>, respectively. The D7 input 
of the BMA register 102 is connected to a logic low 
value. A gating signal referred to as BMAGATEL is 
connected to the gate input of the BMA register 102, 
The BMAGATEL signal is asserted high when a user 
is writing to or programming the BMA register 102, 
Since this type of port addressing circuitry is well 
known to those skilled in the art, the detals of Its 
implementation have been omitted in this description 
for the purpose of clarity- When the BMAGATEL sig- 
nal is asserted high, the BMA register 1 02 latches the 
data bus signals PDB<6..0> on fts D6 through 00 
inputs, respectively. 

The BMA register 102 is programmed with a 7 bit 
value representing address bite 19 through 13 of the 
respective memory address boundary desired in the 
limit register. The signals output from the Q7 through 
Q0 outputs of the BMA register 102 are referred to as 
the BMA<7..0> signals, and the BMA<8..0> signals 
are connected to inputs BMAI<8..0> of a block com- 
parator circuit referred to as CMPLT1M 104. Trie 
address lines PADR<1 9..1 3> are connected to inputs 
BMAADR<6..0> of the CMPLT1M block droit 104. A 
signal referred to as ABOVE1MB, which is asserted 
high when the memory address generated by the 
computer system C is greater than or equal to memory 
address 100000H (one Mbyte), is connected to the 
Input of an inverter 1 08, whose output is connected to 
an INHIBIT* input of the CMPLT1M block circuft 104. 

The CMPLT1M block circuit 104 compares the 
PADR<19..13> signals with the corresponding mem- 
ory address values stored in the BMA register and 
determines If the memory address value generated by 
the cc>mputer system C is less than the BMA register 
value. The output of the CMPLT1M block circuft 104 
is a signal referred to as CCHEBMA*, which is asser- 
ted low when the respective memory address value 
generated by the computer system C, represented by 
the PADR<19..13> signals, is less than the memory 
address value stored in the BMA register, signfying 
that the generated memory address is a cacheable 
address. 

The ABOVE1 MB signal is asserted high when the 
address generated on the address lines 
PADR<23„20> represent an address greater than or 
equal to one Mbyte. When the ABOVE 1MB signal is 
asserted, the INHIBIT* signal is asserted inside the 
CMPLT1M block circuit 104, preventing the 
CCHEBMA* signal from being asserted low. Theref- 
ore, if the memory address generated by the com- 
puter system C is greater than or equal to one Mbyte, 
the ABOVE1MB signal acts to prevent the memory 
address from being designated as cacheable, regard- 
less of the value stored in the BMA register and the 
states of the PADR<19~13> signals. Thus the 
ABOVE1MB signal performs the remaining decode 
funcbononthePADR<23.^0>sigj»isnotp 
the CMPLT1M block circuit 1 04 to save ckoulby. 
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Referring now to Fig. 4, the EMA register 120 and 
Its associated comparator logic circuitry are generally 
shown. The EMA register 120 is a 12 bit register 
whose D10 through DO inputs are connected to the 
PDB<10..0> signals, respectively. The D11 input of 5 
the EMA register 120 is connected to a logic low 
value. A gating signal referred to as EMAGATEL is 
connected to the lower gating Input of the EMA regi- 
ster 120. A gating signal referred to EMAGATEM is 
connected to the upper gating input of the EMA regi- 10 
star 120. When the EMAGATEL signal is asserted 
high, the EMA register 1 20 latches the PDB<7..0> sig- 
nals present on its D7 through DO inputs, respectively. 
When the EMAGATEM signal is asserted high, the 
EMA register 120 latches the PDB<11..8> signals is 
present on Its D11 through D8 inputs, respectively. 
The EMAGATEM and EMAGATEL signals are asser- 
ted high when a user Is writing to or programming the 
respective bits of the EMA register 120. 

The EMA register 120 is programmed with an 11 20 
bit value representing address bits 23 through 13 of 
the respective memory address boundary desired in 
the limit register. The signals output from the Q11 
through Q0 outputs of the EMA register 1 20 are refer- 
red to as the EMA<11..0> signals, and the 25 
EMA<10~0> signals are connected to inputs 
EMAK1&.r>ofabk)ckoornp 

CMPLT16M 122. The address lines PADR<23~13> 
are connected to inputs EMAADR<10..0> of the 
CMPLT1 6M block circuit 122. The PADR<23> signal, 30 
the PADR<22> signal, the PADR<21> signal, and the 
PADR<20> signal are connected to the inputs of a 
four input OR gate 126 whose output Is the 
ABOVE1MB signal. The ABOVE1MB signal is con- 
nected to an enable Input of the CMPLT18M Mock dr- 35 
cult 122 referred to as the BASEMEM input When the 
ABOVE1MB signal Is asserted high, then the memory 
address generated by the computer system C Is gre- 
ater than or equal to memory address 100000H,and 
the CMPLT16M block circuit 122 Is enabled. Theref- 40 
ore, the ABOVE1MB signal acts as the predefined 
memory address boundary of one Mbyte, preventing 
the CMPLT16M block comparator 122 from compar- 
ing true when the generated memory address is less 
than one Mbyte. 45 

The CMPLT1 6M block comparator 122 compares 
the PADR<23_13> signals with the corresponding 
memory address values stored in the EMA register 
1 20 and determines f the memory address value gen- 
erated by the computer 8ystemC is less than the EMA so 
register value. The CMPLT16M comparator circuit 
122 has an inherent or default maximum value of 16 
Mbytes, and the value stored in the EMA register can 
range as high as memory address FFFFFFrtTheout- 
put of the CMPLT16M comparator circuit 122 Is a sig- es 
naJ referred to as CCHEEMA*, which eignfies, when 
asserted low, that the memory address generated by 
the computer system C resides fai the cacheable reg- 



ion defined by the predefined memory address value 
of one Mbyte and the EMA register 120. 

Referring now to Rg. 5, the RMA register 140 and 
its associated comparator circuitry are generally 
showa The RMA register 140 is an 8 bit register 
whose 07 through DO inputs are connected to the 
PDB<7..0> signals, respectively. A gating signal 
referred to as RMAG ATEL is connected to the gating 
input of the RMA register 1 40. The RMAGATEL signal 
is asserted high when a user is writing to or program- 
ming the RMA register. When the RMAGATEL signal 
is asserted high, the RMA register 140 latches the 
PDB<7..0> signals on its D7 through DO inputs, re- 
spectively. 

The RMA register 140 is programmed with an 8 
bit value, and the first seven bits D6 through DO rep- 
resent address bits 19 through 13 of the respective 
memory address boundary desired in the fimft regis- 
ter. The D7 bft in the RMA register 140 b used as a 
control bit and it is set to a logic high value to disable 
the block comparator circuit referred to as CMPGE1 M 
142 from comparing true. The Q7 through Q0 outputs 
of the RMA register 140 are referred to as the 
RMA<7,.0> signals, respectively. The RMA<8_0> 
signals are connected to inputs RMAK&.0> of the 
CMPGE1M comparator block circuit 142. The 
PADR<19..13> signals are connected to inputs 
RMAADR<6..0> of the CMPGE1 M block comparator 
142. The RMA<7> signal and the ABOVE1MB signal 
are connected to the inputs of a two input NOR gate 
146 whose output is connected to an INHIBIT* input 
of the CMPGE1M comparator circuit 142. Therefore, 
when the D7 bft of the RMA register 140 Is set or the 
memory address value generated by the computer 
system C Is greater than or equal to memory address 
irjOOOOH then the INHIBIT* signal Inside the 
CMPGE1M block comparator 142 is asserted low. 
which thereby prevents the CMPGE1M comparator 
circuft 142 from comp a ring true. 

The output of the CMPGE1M comparator circuit 
142 is a signal referred to as CCHERMA*. The 
CMPGE1M oomparAtor circuit 142 co m pares the 
PADR<19„13> signals with the corresponding mem- 
ory address values stored in the RMA register 140 
and asserts the CCHERMA* signal low If the memory 
address value generated by the computer system C 
is less than memory address 100000H and greater 
than or equal to the RMA register value. The assertion 
of the CCHERMA* signal signifies that the generated 
memory address is a cacheable address and a write 
protect address. 

Referring now to Rg. 6, the RCA register 160 and 
associated comparator logic circuitry are generafiy 
shown. The RCA register 160 b a 12 bft register 
whose D11 through DO Inputs are connected to the 
PDB<11-0> signals, respectively. A gating signal 
referred to as RCAGATEL la connected to the tower 
gating Input of the RCA register 160. A gating signal 
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referred to as RC AGATE M is connected to the upper 
gating input of trie RCA register at 160. The 
RCAGATEL signal controls the lower eight inputs D7 
through DO of the RCA register 160. When the 
RCAGATEL signal is asserted high, the RCA register 5 
160 latches the PDB<7..0> signals present on its D7 
through DO inputs, respectively. The RCAGATEM sig- 
nal controls the upper four Inputs D11 through D8 of 
the RCA register 160. When the RCAGATEM signal 
is asserted high, the RCA register 160 latches the 10 
PDB<11..8> signals present on the D11 through D8 
inputs of the RCA register 160. The RCAGATEL and 
RCAGATEM signals are asserted high when a user is 
writing to or programming the appropriate bits in the 
RCA register 1 60. 15 

The RCA register 1 60 is programmed with a 1 2 bit 
value, and the first eleven bits D11 through DO repre- 
sent address bits 23 through 13 of the respective 
memory address boundary desired In the limit regis- 
ter. The D11 bit in the RCA register 160 Is used as a 20 
control bit and it is set to a logic high value to disable 
the block comparator referred to as the CMPGE16M 
block comparator 162 from comparing true. The Q1 1 
through QO outputs of tr>eF^ register 160 are referred 
to as the RCA<11J> signals. The RCA<10~0> signals 25 
are orjnnected to inputs RCAI<1 0 J> oftheCMPGE16M 
block comparator 162. The PADK<23u13> signals are 
connected to inputs RCAADR<10„0> of the 
CMPGE16M block comparator 162. The RCA<11> 
signal of the RCA register 160 Is connected to the 30 
input of an Inverter 166 whose output b connected to 
an INHIBIT* input of the CMPGE16M comparator 162. 
The output of the CMPGE16M comparator 162 is a 
signal referred to as CCHERCA*. 

The CMPGE16M block comparator 162 com- 35 
pares the PADR<23..13> signals with the corre- 
sponding memory address values stored In the RCA 
register 160 and determines If the memory address 
value generated by the computer system C b greater 
than or equal to the programmed value stored In the 40 
RCA register 160. The CCHERCA* signal Is asserted 
low wmen the memory address gerierated by the com- 
puter system C b greater than or equal to the RCA 
register value, signifying that the generated memory 
address b a cacheable address, 45 

Referring now to flg. 7, the WPA register 180 and 
Its associated comparator circuitry are generaly 
shown. The WPA register 180 b a 12 bft register 
whose D11 through DO Inputs are connected to the 
PDB<11-0> signals, lespectivery. A gating signal so 
referred to as WP AGATEL b connected to the lower 
gating input of the WPA register 1 80. A gatind signal 
referred to as WPAGATEM b connected to the upper 
gating input of the WPA register 180. The 
WPAGATEL signal controls the lower eight Inputs D7 ss 
through DO of the WPA register 180. When the 
WPAGATELslgTialbassertedN^ 
1 80 latches the PDB<7~0> signals present on Its D7 



through DO inputs, respectively. The WPAGATEM 
signal controls the upper four inputs D11 through D8 
of the WPA register 180. When the WPAGATEM sig- 
nal is asserted high, the WPAregtster 180 latches the 
PDB<11„8> signals present on its D11 through D8 
inputs, respectively. The WPAGATEL and WPAGATEM 
signals are asserted high when a user b writing to or 
programming the appropriate bits in the WPA register 
180. 

The WPA register 180 b programmed with a 12 
bit value, and the first eleven bits connected to inputs 
D1 0 through DO represent address bits 23 through 13 
of the respective memory address boundary desired 
in the register 180. The D11 bit in the WPA register 
180 bused as a control bft and it b set to a logic high 
value to disable the block comparator 1 82 from com- 
paring true. The Q1 1 through Q0 outputs of WPA regi- 
ster 180 are referred to as the WPA<11..0> signals. 
The WPA<10..0> signals are connected to inputs 
WPAI<1 0~0> of the block comparator circuit referred 
to as CMPGE16M 182. The PADR<23..13> signaJs 
are connected to inputs WPAADR<10~0> of the 
CMPGE16M block comparator 182. The WPA<11> 
signal b connected to the Input of an Inverter 186 
whose output b connected to the INHIBIT input of the 
CMPGE16M block comparator 182. The output of the 
CMPGE16M block comparator 182 b a signal refer- 
red to as CCHEWPA*. 

The CMPGE16M block comparator 182 b logi- 
cally identical to the CMPGE16M block comparator 
162 of Figure 6. The CMPGE16M block cornparator 
182 compares the PADR<23„13> signate with the 
corresponding memory address values programmed 
in the WPA register 1 80 and determines If thernemory 
address value generated by the computer system C 
b greater than or equal to the value stored In the WPA 
regbter 180. The CCHEWPA* signal b asserted low 
when the memory address generated by the com- 
puter system C b greater than or equal to the WPA 
reg bter value, signifying that the generated memory 
address b a write protected address. 

The computer system C preferably includes an 
iAO-mapped relocation register (not shown) residing 
at I/O location 0878H which b used to store Wbr- 
mation regarding relocatk>noftr»ROMtoh^ 
RAM. The relocation register may also be a memory 
mapped register residing at memory location 
80C00000H according to another embodiment The 
relocation reg b ter oomuiise s two efts referred to as bet 
Oandbftl.BttObsettoalogfcWgh 
ROM relocation b not performed and b cleared to a 
logfctowvahrawtontheROMrefox^ 
to high-speed RAM. Bt 1 ta set to a logic Wgh value 
when the 128 kbyte RAM memory block beginning at 
rrrenraryadajBssFEOOOm 
b cleared to a logic low value when the 128 kbyte 
RAM memory block beginning at memory address 
FE0000H b designated as write protected For more 
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Information on the ROM relocation register, please 
refer to the Compaq Desk pro 386S Technical Refer- 
ence Guide published by Compaq Computer Corpor- 
ation, which is hereby incorporated by reference. 

The cache controller 32 according to the present 5 
invention includes a user rjroc;rammable control word 
register (not shown) referred to as the CW register. 
The CW register includes an internal register enable 
bit referred to as the IRE bit The IRE bit enables the 
comparator output signals to define cacheable 10 
address and write protect regions In the memory 
space according to the present invention. When the 
IRE bit Is cleared, the comparator output signals are 
ignored, and the entire memory address space is con- 
sidered cacheable and read/write memory. The NRF* 15 
input Is then used in conjunction with the external 
logic 34 to determine non-cacrieable and write protect 
regions in the memory space. When the IRE bit Is set, 
the entire memory address space is considered non- 
cacheable and the comparator output signals are 20 
enabled to define cacheable and write protect mem- 
ory address regions in the norncacheable memory 
address space, in this instance, the NRF* Input allows 
the external togic 34 to overrkle a respects r»riit regi- 
ster and punch non-cacheabte or write protect mem- 25 
ory address regions in the memory space where 
desired. According to the rjreferred embodiment, the 
IRE bit is kept set and the external logic 34 is com- 
prised of an address decode of memory address 
FFFF80H and above and generates a decoded 30 
address signal that is provided to the NRF* input to 
designate as non-cacheable the memory address 
locations FFFF80H and above in high memory where 
the power on reset vector is addressed. However, the 
umofthe NRF* input to desigpa^ 35 
tfons as non-cacheable and/or write protected Is also 
contemplated. 

Referring now to Fig. 8, the signal generation 
logic according to the present invention includes a 
shadow register which holds a shadow copy of bit 0 40 
and bit 1 of the rnenwry-mapped relocation register. 
The shadow register enables the signal generation 
logic to know when the ROM relocation to high mem- 
ory has been performed and also to kriow whether the 
128 kbyte block beginning at memory address 46 
FE0O00H where the ROM relocation occurs b write 
protected. 

The shadow register b comprised of two D-type 
latches 200 and 202, respectively. The PDB<1>* sig- 
nal is connected to the inverted D input of the latch so 
200. The PDB<0>* signal b connected to the input of 
the latch 202. A gating signal referred to as DtAGCLK 
b connected to the gating Inputs of each of the latches 
200 and 202. The DIAGCLK signal b asserted or a 
logic high value when a user b writing to the shadow ss 
register, allowing the latches 200 and 202 to latch the 
respective data bus values present on their D inputs. 
The system reset signal RESET* b connected to the 



inverted clear inputs of each of the latches 200 and 
202 so that they are reset when a system reset 
occurs. The inverted Q output of the latch 200 is con- 
nected to one input of a three input NOR gate 204. 
The Q output of the latch 200 is a write protect signal 
referred to as WPROTECT*, which preferably mirrors 
or shadows bit 1 In the memory-mapped ROM relo- 
cation register (not shown). The WPROTECT* signal 
Is connected to one input of a two input AND gate 206. 
The Q output of the latch 202 is a signal referred to 
as ROMCOPY, which b asserted high when the 
ROMCOPY function b on and bit 0 in the ROM relo- 
cation register b a logic low value. The ROMCOPY 
signal is connected to the other input of the AND gate 
206. The output of the AND gate 206 b a signal refer- 
red to as RCONWPOFF which signifies when asser- 
ted high that the ROM relocation has been performed 
and that the Write Protect function b off. 

The Inverted Q output of the latch 202 b connec- 
ted to an input of the NOR gate 204. The PADR<23>* 
signal b connected to an input of the NOR gate 104, 
whose output b connected to an Input of a three input 
NAND gate 210. The PADR<22>* signal, the 
PADR<21>* signal, and the PADR<20>* signal are 
each connected loan input of n three input NOR gate 
207 whose output b connected to one input of the 
NAND gate 110. The PADR<19>* signal, the 
PADR<18>* signal and the PADR<17>* signal are 
each connected to an input of a three input NOR gate 
208, whose output b connected to an input of the 
NAND gate 210. The output of the NAND gate 210 b 
a non-cacheable address signal referred to as 
NCA16MB*. which b asserted low when the memory 
address generated by the computer system C b gre- 
ater than memory address FE000OR the ROMCOPY 
function b on and the Write Rrotectfunctionboff.The 
NCA16MB* signal b generated to decode a special 
condition where cache coherency problems could 
occur in the 128 kbyte ROM relocation mernory block 
in high memory, as b described further below. 

Referring now to Fig. 9, signal generation logic 
according to the present invention b further shown. 
The CCHEBMA* signal, the CCHEEMA* signal, the 
CCHERMA* signal, and the CCHERCA* signal are 
connected to the inputs of a four input AND gate 320. 
The output of the AND gate 320 and a signal gener- 
ated from the IRE bit In the CW register (not shown) 
referred to as the IREGEN signal are connected to the 
inputs of a two input NAND gate 822. The output of the 
NAND gate 322 b connected to an input of a three 
input AN D gate 324 and b also connected to an Input 
of a three input AND gate 328. A signal referred to as 
CCHERD1*, which when asserted low sfgnWes that 
the current bus cycle b a memory read, b connected 
to the input of an inverter 326, whose output b con- 
nected to an input of the AND gate 324 and b also 
connected to an input of the 
generated from the external logic 34 represents 
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decoded memory address FFFF80H or above, and 
this signal is provided to the NRF* input and is referred 
to as me NRF* signal. The NCA1 6MB* signaJ and the 
NRF* signal are connected to the inputs of a two input 
AND gate 330, whose output is connected to an input 5 
of the AND gate 324 and is also connected to an input 
of the AND gate 328. 

The output of the AND gate 324 and a cache 
memory enable signal referred to as CCHEN are con- 
nected to the inputs of a two input NAND gate 332, 10 
whose output is a cacheable address signal referred 
to as CA\ The CA* signal is asserted low to the cache 
controller 32 when a cacheable memory address is 
generated by the processor 24. Therefore, if the 
cache 30 is enabled, the comparator output signals 15 
are ignored based on the IREGEN signal being high 
or the comparator outputs are enabled and one of the 
comparator output signals Is asserted, the current bus 
cyde is a processor memory read, and the 
NCA16MB* and NRF* signals are both negated high, 20 
then the logic circuitry determines that a cacheable 
memory address has been generated and the CA* 
signal is asserted low. 

The output of the AND gate 328 is a non-cache- 
able address signal referred to as NCA\ The NGA* 25 
signal is asserted low when the generated memory 
address is deemed a non-cacheable address. There- 
fore, If the comparator outputs are enabled and all of 
the comparator output signals are negated, or the cur- 
rent bus cyde is not a processor memory read, or so 
either of the NGA16MB* or NRF* signals are asserted 
low, then the logic circuitry determines that a non- 
cacheable address has been generated by the pro- 
cessor 24, and the NCA* signal is asserted low. 

The NRF* signal allows external logic to override 35 
a respective c om p a r a tor output signal and designate 
a certain memory address non-cacbeable. The NRF* 
Input is used In conjunction with the external logic 34 
according to the preferred embodiment to make the 
power on reset vector memory location in high mem- 40 
ory rron-cacheable. When the IRE bit Is cleared, slg- 
nffied by the IREGEN signal being negated low, the 
NRF* input is the only means to designate a memory 
address non-cacheable or write protected. 

TheNCA16MB*sig^teas8ert^ 46 
128 kbyte ROM relocation block beginning at address 
FED000H to become nc<vcacheable when the mem- 
ory address generated resides in this memory block 
and both the ROMCOPY function has been performed 
and the Write Protect function Is off. This is because, so 
when the ROM relocation function has been perfor- 
med, the 128 kbyte ROM relocation block is double 
mapped to two different 128 kbyte logical address 
spaces, one beginning at memory address FE0000H 
and one beginning at memory address 0E0OO0H. In es 
this instance, the RMA register 140 and the RCA regi- 
ster 160 each define cacheable address regions for a 
respective logical memory address space that each 



map to the same physical memory location, the 128 
kbyte ROM relocation RAM memory block in high 
memory. The RMA register 140 defines the memory 
apace beginning at memory address 0E0000H to be 
a cacheable address region. When the Write Protect 
function is off, this memory address region is not write 
protected, and therefore write updates are permitted 
when a user accesses the 128 kbyte ROM relocation 
RAM memory block with a logical address in the 128 
kbyte logical address space beginning at address 
0E0000H. The 128 kbyte RAM memory block is gen- 
erally accessed exclusively through the logical mem- 
ory address space beginning at memory address 
0E000OH. However, the NCA16MB* signal is asser- 
ted low In this instance to force the logical address 
space beginning at address FE00OOH non-cacheable 
in order to prevent the 128 kbyte ROM relocation RAM 
memory space from being placed in the cache 
through the logical address space beginning at mem- 
ory address FE0OO0K However, a noncoherent con- 
dition could soil be forced If the 128 kbyte ROM 
relocation RAM memory block were updated through 
the non-cacheable address space beginning at mem- 
ory address FE0O00H. 

The NRF* signal and a cache write signal referred 
to as CCHEWR* are connected to the inputs of a two 
input NOR gate 350. The CCHERMA* signal, the IRE- 
GEN* signal and the RCONWPOFF signal are con- 
nected to the Inputs of a three input NOR gate 352. 
The CCHEWPA* signal, the IREGEN* signal, and the 
WPROTECT* signal are connected to the inputs of a 
three input NOR gate 354. The outputs of the NOR 
gates 350, 352, and 354 are connected to the inputs 
of a three Input NOR gate 356 whose output Is a signal 
referred to as READONLY*. The READONLY* signal 
is asserted low to the cache controfler 32 when a 
memory address write is designated as write protec- 
ted because of eh^ the extemai 1^ 
to the NRF* input, because the write was to the RMA 
register memory e pace, which is des^nated write pro- 
tected by the RMA retfster 140, sjkI the Wrte Pro 
function is on, or because the memory address 
resides in the address space designaiedwrrte protec- 
ted by the WPAregJstec182. One* 
CCHEWPA* signaJ is only enabled to generate the 
READOhfl-Y* signal when the Write Protect bit In the 
ROM relocation register Is asserted low, signifying 
that the output of the CMPGE16M comparator^ b 
only enabled when the 128 kbyte RAM memory block 
where the ROM relocation occurs is designated as 
write pr otected* 

Therefore, the present invention aBows a cache 
controller to determine cacheable address and write 
protect memory address regions using a single limit 
register and a single comp ar ator for each address 
region. This reduces the gate count and decreases 
the Input buffer loading in the logic circuXry. 

The foregoing disclosure and description of the 
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invention are illustrative and explanatory thereof, and 
various changes in the size, shape, materials, compo- 
nents, circuit elements, wiring connections and con- 
tacts, as well as in the details of the ilustrated circuitry 
and construction may be made without departing from 5 
the spirit of the invention. 

Claims 

10 

1. An apparatus for determining if a memory 
address developed in a computer system is within 
a plurality of memory address regions, the com- 
puter system including a microprocessor, system 
memory, and a system memory address space 15 
comprising a predefined irrterrnediate address 
location, the apparatus comprising: 

means for generating a signal which indi- 
cates whether said developed memory address is 
greater than the predefined intermediate mernory 20 
address; 

a plurality of means for storing a mernory 
address value which serves as a first boundary of 
a given memory address region; 

means coupled to each said mernory 25 
address value storing means for comparing said 
memory address value developed by the com- 
puter system wfth said first boundary; 

wherein said comparing means coupled to 
a first number of said storing means determines 30 
whether said developed memory address Is less 
than the value stored In the respective storing 
means and generates a signal indicative thereof; 

wherein said comparing means coupled to 
a second number of said storing means deter- 35 
mines whether said developed memory address 
Is greater than or equal to the value stored in the 
respective storing means and generates a signal 
Indicative thereof; and 

wherein said comparing means coupled to 40 
a third number of said storing means receives 
said Intermediate address Indicating signal and 
determines whether said developed memory 
address resides between the memory address 
stored to said respective storing means and the 45 
intermetfate memory address and generates a 
signal Indicative thereof. 

2. The apparatus of claim 1, wherein said third num- 
ber of storing means comprises a first storing so 
means for storing a mernory address greater than 
said intermediate address and a second storing 
means for storing a memory address less than 
said Intermediate address. 

ss 

3. The apparatus of claim 1, wherein each of said 
memory address regions has associated wfth it 
only one said memory address value storing 



means and only one said comparing means. 

4. The apparatus of cJaim 3, wherein said system 
memory address space comprises a lowest mem- 
ory address and a highest memory address, the 
apparatus further comprising: 

the memory address region associated 
with said first number of said storing means being 
located between the memory address value 
stored in said respective storing means and said 
lowest mernory address; and 

the memory address region associated 
with said second number of said storing means 
being located between the memory address 
value stored in said respective storing means and 
said highest memory address. 

5. The apparatus of claim 3. wherein said computer 
system further includes cache memory and a 
cache controller, the apparatus further compris- 
ing: 

said memory address regions including 
cacheable address regions; and 

means coupled to said cache controller for 
receiving said indicating signals from said com- 
paring means associated with said cacheable 
address memory regions and for generating a 
cacheable address signal to said cache controller 
which Indicates whether said generated mernory 
address value Is located in a cacheable address 
region. 

6. The apparatus of claim 5, further comprising: 

said memory address regions further 
including a write protect memory address region; 
and 

indicating signal receiving means receiv- 
ing said indicating signal from said coinparing 
means associated with said write protect address 
region and generating a write protect signal to 
said cache controller which indicates whether 
said developed address is located In said respec- 
tive write protect region. 

7. The apparatus of claim 6, further comprising an 
enabling bit wherein when said enabling bit is 
cleared the system mernory space Is deemed 
cacheable and said comparing means output sig- 
nals are ignored and when said enabling bit Is set 
the system memory space is deemed non-cache- 
abie and said comparing means output signals 
are enabled to designate cacheable address reg- 
ions in the system memory space. 

8. Tne apparatus of claim 5. further comprising: 

said receiving means further comprising 
an Input for receiving a signal generated by exter- 
nal logic, wherein said external logic signal can 
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force said cacheabie address signal to indicate 
that a generated memory address value is a 
cacheabie or non-cacheable address. 

9. The apparatus of claim 1 , wherein said storing 5 
means are programmable. 

10. The apparatus of claim 9 t wherein each of said 
rnernory address boundary value storing means 
stores a number of address bits representing a 10 
memory address value. 

11. An apparatus for determining if a memory 
address developed in a computer system is within 

any of a plurality of memory address regions, the 15 
computer system having a given address space, 
the address space being divided into regions 
based on the beginning of the address space and 
a location intermediate in the address space, the 
apparatus comprising: 20 

means for performing an address decode 
of said developed memory address to determine 
if said developed memory address is greater than 
the Intermediate address space location and pro- 
ducing a signal indicating thereof; 25 

means for storing a memory address value 
associated wfth the beginning on the address 
space; 

1 a plurality of means for storing memory 
address values associated with the intermediate 30 
location of the address space; 

means for comparing the developed mem- 
oiy address wim said memoiy value stored in said 
beginning address space storage means and 
determining if said developed memory value is ss 
less than said stored memory value; 

means receiving said intermediate 
address decode signal for comparing the 
developed memory address with said memory 
vahie stored in a first of said irtterrnedlate address 40 
space storage means, for determining If said 
developed memory value is greater than said 
stored memory value and pfoAjdru a signal imfi- 
cafive thereof and for defeating operation of said 
determining If said intermediate address decode 4$ 
sip^ial is true? and 

means receiving said intermediate 
address decode signal for comparing the 
developed memory address with said memory 
value stored In a second of said intermediate 50 
address space storage means, for determining If 
said developed memory value is less than said 
stored memory value and for otteating operation 
of maid determining if said Intermediate address 
decode signal is false. 55 

12- The apparatus of claim 11, the computer system 
address space having a further division based on 



the end of the address space, the apparatus 
further comprising: 

means for storing a memory address value 
associated with the end of the address space; 
and 

means for comparing the developed mem- 
ory address with said memory value stored in said 
ending address space storage means and deter- 
mining if said developed memory value Is greater 
than said stored memory value. 
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